In this chapter, our intention is to incorporate the basic blockmodel approach into a framework that deals with the problems just outlined. The fundamental premise is that a position can be character- 3 The importance of roles as mechanisms by which people identify similar positions across different situations has received little attention within sociology. This idea is implicit in Simmel's classic work, "How Is Society Possible?" (Levine, 1971) . There, Simmel talks about the importance of human types as general categories in a way that parallels our discussion of roles. Simmel argues that human types are necessary in order for individuals to perceive similarity in different situations. Only by understanding individuals in terms of general categories does society become possible. The importance of Simmel's work to a study of roles is discussed at length by Popitz (1972) . 4 Previous comparative work has focused on the algebras for whole populations Breiger and Pattison, 1978; Bonacich, 1980; Bonacich and McConaghy, 1979) . This approach complements the one developed here by providing for the comparison of whole networks rather than positions within those networks. In this chapter we have little to say about this approach and its relationship to models discussed here. A companion paper by one of the authors (Mandel, 1983) treats the comparison in depth.
ized by its associated pattern of relationships, rather than by the identities of the specific actors involved in those relationships (as in the structural equivalence approach). Different positions, either from the same population or from separate ones, can be associated with the same pattern of relationships. Thus, it is natural to identify roles with particular patterns of relationship.
The key to such a definition is, of course, how the relational patterns of a position are to be described. The method used here is based on Merton's (1959) The following section examines the problems with the blockmodel approach in more detail. Following that, our definition of role is developed, along with the needed theoretical concepts. In particular, we show how the notions of role set and role relation can be used to describe positions in social networks. We then carry out a number of illustrative empirical analyses, based on distance measures that indicates how similar the roles of different actors are. Finally, directions for future work are outlined.
STRUCTURAL EQUIVALENCE AND THE LIMITATIONS OF BLOCKMODEL ANALYSIS
Structural equivalence (Lorrain and White, 1971) lies at the heart of both blockmodel analysis and the positional analysis of Burt (1976). It is defined as follows: DEFINITION: Two individuals or actors are structurally equivalent if and only if both have the same relations with each individual or actor (in the population).
Let a social network be represented by a family of binary matrices (each matrix corresonds to a different social relationship, and a 1 denotes the presence of a relationship of that type between the appropriate individuals). Then the structural equivalence of two individuals means that in each matrix, the row of the first individual is identical to the row of the second, and their two columns are identical as well.
Structural equivalence has proved to be too restrictive for most purposes. Most data sets do not contain any actors who are structurally equivalent in the strict sense of the definition. It is, however, common to find individuals or actors who are nearly structurally equivalent. Therefore, the basic objective of blockmodel analysis is to divide the population into clusters, each of which contains actors that are nearly structurally equivalent. However, whether used in the strict sense or in the weakened blockmodel sense, the concept of structural equivalence does not allow individuals from two separate populations to be compared. There is no possibility that they can have the same relationships with the same actors; hence, there is no way they can be structurally equivalent. Consider, for instance, a simple example in which the roles and positions are obvious: two distinct school systems with the same formal supervisory structure. Even if both school systems have a single superintendent supervising several principals, who in turn supervise several teachers, the corresponding positions in the two school systems are not structurally equivalent.
The same problem also arises in many cases where the positions being compared are in the same population. Figure 1 gives the relation matrix for a single school system. In this example, all the teachers under a single principal are structurally equivalent (for example, T, and T2). However, the two principals are not structurally equivalent, even though it is clear that they are both playing the same role (see Figure 2) .5 In effect, structural equivalence places an extreme emphasis on the relational aspects of roles, eliminating considerations of content not 5 The blockmodel approach and its associated algorithims, CONCOR and BLOCKER, impose a global partition on the population and thus define positions in terms of the entire social structure. The result is that individuals playing the same role but in different positions cannot be put into the same block without collapsing the entire social structure (and losing large amounts of information).
only from the definition of position but from the definition of relation as well. To specify the structural equivalence class that an actor belongs to, one must specify not only what relations the individual has but also with whom the individual has them. Structural equivalence demands that relations be classified by both type and recipient. As such, cross-population analysis is not possible using the principle of structural equivalence.
ROLE RELATIONS AND ROLE SETS
Role Relations. Structural equivalence was formulated in such a restrictive manner because it was intended to provide an operational definition of position.6 To keep this desirable property while moving beyond some of the limitations of structural equivalence, it is necessary to specify some alternative way of describing the position that an actor occupies in a social structure-ideally with the description not being bound to a particular population.7
Consider two individuals in the same population. Enumerate first the direct ties between them: friendship, admiration, business partners, and so on.8 Now consider the indirect or compound relationships between them-whether they share friends in common, or whether one admires the business partner of the other. The existence 6 In the text we have attempted to minimize the amount of formal mathematics. A more formal treatment of the ideas presented can be found in Winship (1974) and Mandel (1978) . In the footnotes we briefly develop the mathematical theory of automorphisms as it applies to the analysis of roles. This theory provides the basic conceptual insights for the model of roles developed here. More detailed discussions of automorphisms can be found in Winship (1974) , Mandel (1978) , and Pattison (1980) . 7 The approach to roles developed in this section generalizes the notion of an automorphism. In general, an automorphism is a functional mapping of a structure onto itself that preserves the relationships between elements in the structure. In the network context, the automorphism that is of interest is defined as follows: 10 Potentially, the number of compound relations is infinite. Substantively, though, long chains of relationships are seldom salient (Hammer, 1980; Friedkin, 1983) . We have not gone beyond compound relations of length 4 in our work because going from length 3 to length 4 seems in general to add little new information. Often, a relation box consisting only of direct and length 2 relations is sufficient.
" The notion of role relation presented here is asymmetric in nature in that the role relation that i has with j will usually differ from the role relation that j has with i. If we only consider symmetric relationships, the two role relations will necessarily be identical. If we consider sets of relations that include the complement of each relation, then knowing what i's role relation is withj tells us whatj's role relation is with i. This follows from the fact that if Sij = 1, then S'ji = 1, and similarly with Sij = 0. superintendent's role, yielding three classes of actors; the superintendent, the principals, and the teachers.12 Principal P,, on the other hand, has five distinct role relations, corresponding to the classes of individuals that are distinct from his or her perspective; himself or herself, the teachers under principal P1, the superintendent, the other principal, and the teachers under the other principal (see Figure 4) .13 In this sense, the social structure "looks" different from the superintendent's perspective as opposed to the principal's perspective. The superintendent "sees" three equivalence classes of individuals, whereas the principal "sees" five. Additionally, the two individuals have similar relations with different individuals. For instance, the superintendent is in the same role relation with the 12 The example that we present here is particularly simple in that we have only considered one direct relationship and its complement (supervises and is supervised by) and the network presented is very sparse. In general, we would expect the role relations of an individual to be considerably more complicated than that presented here. The reader is invited to construct more sophisticated examples and to test the ideas presented here. We have not done so in order to avoid complicating the exposition.
13 For this example, adding higher-order compound relationships would not change anything important. Both the superintendent and the principal would still have the same number of distinct relationships. However, the numerical results of the distance measure would be affected slightly. Over the last couple of decades, the term status has come to strictly denote a position within a hierarchical structure, which is why we have not used the term in this chapter. 15 Role equivalence is a generalization of automorphic equivalence (Winship, 1974) . Two individuals i and j are automorphically equivalent if there is an automorphismfsuch thatf(i) =j. Note that automorphic equivalence is much stronger than role equivalence, since a necessary condition for two people to be automorphically equivalent is that their role sets must contain not only the same types of role relations but also the same number of each.
An idea related to the idea of a role relation is automorphic equivalence with respect to an individual (Winship, 1974; Mandel, 1978) . Two individuals i and j are automorphically equivalent with respect to k if there exists an automorphismfsuch thatf(k) = k andf(i) = j. Individuals who are automorphically equivalent with respect to every other individual in a network are structurally equivalent (Winship, 1974) . with a position are important, but not the number of role relations of any particular type (as long as there is at least one). Intuitively, this makes sense. A principal is still a principal, whether he or she supervises one teacher or many.
Consider the school system in Figure 1 again. Now consider another school system in which there are similar relations except that each principal supervises four teachers. The role relations for this second superintendent will be identical to those of the first except that there will be eight teacher role relations rather than five. In every other way, the two superintendents will have exactly the same role sets. In terms of the preceding definition, the two superintendents are role-equivalent, since their role sets contain the same relations.
As Thus, when we look down the relation box from above, the two relation planes look identical.
Role equivalence is a much weaker concept, since the two planes need not be identical.
Instead, for every role relation in one individual's plane, there must be at least one other 19 Note that as long as the relations generating the relation box either are symmetric or include the transpose of every nonsymmetric relation, the role relation R,j actually contains the same information as Rji (though rearranged).
identical role relation somewhere in the other individual's plane; that is, for every p, there must exist p' and p" such that Rip = Rjp, and Rip = Rp. Thus, structural equivalence implies role equivalence.
The relation box also provides a framework for comparing role sets across populations. Consider two social networks on distinct populations. Each network will generate a relation box.20 For role relations from individuals in the two populations to be comparable, the ordering and type of the relation matrices in the two boxes must match. A role relation from the school system relation box, for example, could only be compared with role relations from a relation box generated by a supervising relation and converse of a supervising relation. In some cases, it may be necessary to drop some relations from one data set (or otherwise modify the given data) to make the two relation boxes comparable. Figure 6 shows the distances between different actors. In the Appendix, we illustrate how these distances are calculated for one pair of individuals. As can be seen from the figure, individuals who have the same role labels (superintendent, principal, teacher) all are of 22 One alternative at this point, which we have not explored, would be to cluster role relations into specific types and then use these types as the basis for determining how close individuals are to being role-equivalent. The approach discussed in the chapter is more direct. 23 Note that the distance measure is defined on relation planes and not role sets. When two individuals are role-equivalent, this difference does not matter (since their distance is zero in any case). By a slight misuse of language, we will sometimes speak of the distance between the roles of two individuals. The distances in Figure 6 between individuals who are not in the same role are also informative.24 The greatest distance is between the superintendents and teachers. This is logical, since their roles are the most dissimilar. Superintendents (in this example) are not supervised by anyone, and teachers (again, in this example) do not supervise anyone. Also note that the role of teacher is closer to that of principal than the role of principal is to that of superintendent. This can be understood by considering a variant of the distance measure given.
EMPIRICAL ANALYSIS
Note that Equation (2) is symmetric in i and j. The first term 24 Note that the distances between similar "role pairs" are not identical in Figure 6 . For instance, the superintendent is a distance 20 from teacher 1, but is a distance 21 from teacher 3. This is because our distance measure is defined on relation planes rather than role sets. In the present example, it would probably make more sense to use a distance measure defined on role sets. In actual empirical analysis, however, we have found that defining distances on the relation planes works better. measures how closely the role relations of i can be matched to those ofj, while the other term measures how closely the role relations ofj can be matched to those of i. If the first term but not the second term is zero, then the role set ofj includes the role set of i and not the reverse. In some sense, the role ofi is simpler than that ofj, and the role ofi will be said to be nested in the role ofj. The nested distance from i to j is First, however, it is necessary to comment on the difference between using positions as the units of analysis and using individuals. If positions were really determined by strict structural equivalence, then it would not matter which one was chosen. All individuals in the same position would be role-equivalent as well as structurally equivalent and would therefore have the same role set.
In practice, however, positions will be identified by weaker variants of structural equivalence, such as blockmodeling. The role set associated with such a position is determined by the blockmodel images on the reduced network. Individuals may be assigned to the same position who are not actually structurally equivalent and who may not be role-equivalent to either the other individuals in the same position or to the block (treated as an actor in the reduced network). Therefore, analysis on the position level and on the individual level can yield different results. Each level has its place, though, so this section will present examples of both. On the individual level, the role set approach produces similar results.26 A relation box with compounds up to length 2 was con- 25 The same results were obtained from a relation box of length 3, with only 14 relation matrices. An important question at this point is whether two relations should be both included in the relation box if they have identical matrices. In general, the answer to this question is yes. Although this equivalence may occur in this particular population, it may not be true of others. Although two populations may differ in this respect, it may still be the case that they have individuals who are in similar roles. To examine this, it is necessary that relations have not been collapsed within population. 26 Clustering the relation box generated by like and antagonism on the individual level also produced similar results. Conversely, analyzing the relation box generated by the images of like, help, and the transpose of help on the position level yielded similar results as well, but it was harder to distinguish the core positions from the hangers-on positions. tion, can be derived from a network of another population, or can even be proposed for purely theoretical reasons. In each of these cases, the procedure sorts individuals into positions. Alternately, the nesting principle can be used to choose among different blockmodels (reduced networks on positions). Posit, as above, that if a particular partition of a population accurately reflects its social structure, then the role set of each position (obtained by imposing the partition on the data and generating a blockmodel image) should be nested in the role sets of each of its members. Blockmodels can then be ranked by how well they fit this criterion. In fact, this was the procedure used to show that the four-position blockmodel of the Kapferer data set was much better than the three-position blockmodel (Mandel, 1978) .
There is also a third way of using the nesting principle, and that is the one that will be demonstrated here. It is actually somewhat better suited for comparing individuals' roles with positions from a different population because it does not assume that the roles of all the men will have counterparts in the other social structure. In fact, the object of this procedure is to determine which individuals do in fact have roles that can be matched to positions from the second data set.
The "target" blockmodel, in the example to be presented here, will be the four-position reduced network on the Kapferer data set. The individuals will be men from the Bank Wiring Room, with like, help, and transpose of help generating a relation box of length 2. For each position-man pair, a nesting distance was calculated using Equation (3), and the resulting distance matrix examined.
The position-individual pair that came closest to being nested was C'-II, with only three errors (D = 3). For almost every other man, the closest fitting position was 10 to 15 errors away from being nested. Recall from earlier analysis in this section that C'-the line 2 tailorshad a much different role from the other positions in the Kapferer population. Similarly, when the members of the Bank Wiring Room were clustered using their role sets, I, was the sole anomaly.
The close match in roles between C' and I, sheds some light on these earlier results. As described earlier, the line 2 tailors combined formal prestige with a lack of informal influence. Man I, was an inspector in the Bank Wiring Room. He therefore had ajob where he had supervisory power, but as an emissary of management he probably exerted little influence in the informal social structure (at least in this situation). Both the theoretical and the empirical advantages of the role set approach derive from its willingness to give an explicit characterization of roles. In this chapter, role sets were built up from role relations and then compared with each other. The next step is to study which role relations two role sets share, rather than just looking at a numerical measure of dissimilarity. This will give substantive content to the role sets and role relations themselves.
Along the same lines, the role set approach suggests the notion of a local social structure. That is, if a person has identical role relations with some set of individuals, then those individuals are in some sense equivalent with respect to that person -whether or not they are equivalent with respect to any other person in the population. This idea, as well as the idea that ego-centered networks can be compared by looking at the similarities and differences in individuals' role sets, is an interesting one that needs to be developed further.
Finally, more empirical work needs to be done to test the power and robustness of the methods we have proposed. Tests need to be developed and carried out of the goodness of fit of results. The sensitivity of our approach to the metric and algorithm used should also be examined. Additionally, the potential effects of measurement error deserve scrutiny. Finally, we need to test whether the definition of role equivalence specified in this chapter works across other data sets before we can be convinced of its usefulness. This chapter has outlined a basic 32 Although our approach to roles has been relational as opposed to normative, the ideas presented here are useful for normative questions as well. A critical question for a normative theory is how people know how to apply norms across different positions. We would argue that roles, as defined in this chapter, are capable of providing the needed identification. To quote Popitz (1972, p. 22) , "We can only act in conformity with our roles if we can give ourselves and those concerned at the moment the correct social classification, if we can recognize therefore the particular social positions (roles) to which they are bound." approach to a relational analysis of roles. It is for future research to judge its utility. Figure 3 shows the relation plane of the school superintendent, S,, in the school system example (Figure 1 ), and Figure 4 shows the relation plane of the principal, P1, for the same example. Figure 9 indicates the distances between each of these two individuals' role relations (the columns in Figures 3 and 4) as defined by Equation (1) in the text. This distance is simply the number of entries by which two columns differ. For example, if we take the superintendent's role relation with teacher T, and compare it with principal PI's role relation In the example illustrated in Figure 9 , the nested distance from S1 to P1 is 6 and the nested distance from PI to SI is 8. The distance between SI and PI as defined by Equation (2) is then the sum of these two nested distances, 14.
APPENDIX: ILLUSTRATIVE CALCULATION OF DISTANCES BETWEEN TWO RELATION PLANES

